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1. Introduction
In 3GPP RAN#91-e, the Work Item Description on NR Positioning Enhancements was revised and approved in RP-210903[1]. Of the various enhancements included, one item for enhancement on angle-based positioning is:
· Specify the procedure, measurements, reporting, and signalling for improving the accuracy of [RAN1, RAN2, RAN3]
· UL AoA for network-based positioning solutions.
· DL-AoD for UE-based and network-based (including UE-assisted) positioning solutions.
During discussions in RAN1#104b-e, the following agreement was reached
	Agreement:
· Uncertainty range for expected UL AoA/ZoA is defined as follows 
· Expected azimuth angle of arrival as (φAOA - ΔφAOA/2, φAOA + ΔφAOA/2)
· φAOA - expected azimuth angle of arrival, ΔφAOA – uncertainty range for expected azimuth angle of arrival
· Expected zenith angle of arrival as (θAOA - ΔθAOA/2, θAOA + ΔθAOA/2)
· θAOA - expected zenith angle of arrival, ΔθAOA – uncertainty range for expected zenith angle of arrival
· Select one of the following coordinate system alternatives for signaling UL AoA/ZoA assistance information
· Alt.1: Only GCS is supported for AoA/ZoA assistance information indication
· Alt.2: Both GCS and LCS are supported for AoA/ZoA assistance information indication
· FFS: Additional signaling for AoA/ZoA assistance information (expected value and uncertainty range) 




In this contribution, we present our views on potential enhancements related to enhancements on UL AoA positioning

2. gNB angle error issue
UL AOA is normally estimated based on the implementation of TRPs. An example of using a uniform linear array (ULA) for UL AOA estimation is shown in Fig.1. The type of the array antenna’s pattern is usually ‘directional’ in actual situation, which has a single peak direction in the radiation pattern. The ULA consists of N antenna elements with an equal spacing of d which is half wavelength of the working frequency. The φ is azimuth angle and the θ angle is zenith angle.
[image: ]
Figure.1 Uniform linear array for AOA estimation
When a TRP receives the SRS transmitted from a UE, the signal arrives at the baseband through the antenna array and RF chains. This TRP estimates AOA based on the spatial signal obtained from all array antenna elements. The array antenna is normally assumed to be composed of identical elements and each RF channel is assumed to be identical. If the characteristics of all array antenna elements and RF chains are ideal, high-resolution algorithm can be used to obtain high-precision AOA estimation. However, the array antenna elements and RF channels are different in practical engineering application, which resulting in imprecise AOA estimation.
Considering the convenience, the RF channel is usually calibrated by internal calibration method and the boresight phases of the array antenna elements are calibrated by external calibration. However, the phases of the array antenna elements in other directions are different from the phase of boresight direction in actual situation. So, the calibration of boresight phases of the array antenna elements can’t calibrate the phases of the array antenna elements in other directions.

· [bookmark: _Hlk71279344]The phases of array antenna elements in other directions are different from the phase of the boresight direction in the same φ angle. When the polarization of incident signal matches the polarization of array antenna element, the maximum phase difference between array antenna elements is about ±15°in the ±60° θ angle range.
· The phase difference of different angles between the directional array antenna elements is closely related to the polarization of incident wave. When the polarization of incident signal matches the polarization of array antenna element, the maximum phase difference between antenna elements is the smallest. When the polarization of the incident signal is orthogonal to the polarization of array antenna element, the maximum phase difference between antenna elements is the largest. 

Observation 1: The phases of array antenna elements in other directions are different from the phase of the boresight direction in actual situation. The calibration of the boresight phase of array antenna elements can’t replace the phase difference of array antenna elements in other directions. And the phases of array antenna elements are related to the polarizations of incident signal, the phases of array antenna elements become worse when the polarization of array antenna elements and the incident signal are different. All of these factors will reduce the accuracy of AOA angle estimation.

3. Reference UE for UL-AOA 
In 3GPP TSG-RAN WG1 #104bis-e, the reference devices (e.g. a UE or a TRP) for UL-AoA were discussed. The detailed items in 3.3.1 are displayed as follows
· Reference UE with known antenna orientation in space and coordinates is supported
· Reference UE reports DL positioning measurements associated with known position coordinates of each calibrated test point to LMF
· LMF sends the expected angle of the reference UE to gNB for TRP antenna-element wise calibration
· Reference UE with known antenna orientation performs the Downlink Angle of Arrival (DL-AoA) measurements and reports them to LMF
· Measured azimuth and zenith DL-AOA (φi-UE, θi-UE) between the ith gNB/TRP and a reference UE
Many companies generally support the method of reference devices and prefer to further discuss this topic in one agenda item 8.5.1. Specifically, Huawei/HiSilicon supports the second bullet and demonstrates the importance of antenna element-wise calibration. We agree with this comment, and based on the analyses of Huawei/HiSilicon, we additionally supplement that the baseline-error of antenna array also needs to be discussed. In practical localization, the UL-AoA results are usually converted into standard x-y coordinate as shown in Fig. 1, where  represents the baseline-error. To calibrate this error, we assume that a moving reference UE shifts along the black dashed line in the calibration-process.  is the angle of the reference UE in the standard coordinate system at k-th position, while  is the angle of the reference UE in the array-coordinate system.


Figure 2: Illustrative example of baseline-error. The grey lines and red dashed lines represent standard coordinate system and array-coordinate system, respectively.  is a baseline-error.
Apparently, the method of UL-AoA estimates  instead of , while the localization result in standard coordinate system mostly depends on the latter one. Thus, the baseline of antenna array (set as the red dashed line) must coincide the x-axis (set as grey line) precisely to guarantee the accuracy of localization. As a result, an additional item  should be calibrated at gNB for UEs to enhance UL-AoA. In the process of moving calibration, the NLoS problem will influence the performance. Similar views with respect to NLoS detection are also proposed by some companies, e.g., Intel, Vivo, et al. This problem indeed needs to be further discussed. For better explain our observation, we generally evaluate the performance of calibration using moving reference UE with/without NLoS detection in the indoor/outdoor scenarios. For the positions which are determined as NLoS, the receive signal is weighted by zero. The simulation parameters are displayed in the appendix. The RMSE result is depicted in Figure 3, which proofs that using moving reference UE can effectively calibrate baseline-error, and NLoS detection improves the performance of calibration.
[image: ]
Figure 3: RMSE of estimation of baseline-error versus SNR.
Observation 2: Baseline error of antenna array influences the localization result of UL-AoA. Reference UE can calibrate the baseline-error effectively, and moving reference UE has better performance than static reference UE.

4. UL-AOA Assistance Information 
In the last meeting, it was agreed that LMF can provide the uncertainty range of the expected UL AoA/ZoA to the gNB/TRP to facilitate UL-AoA measurements. According to our preliminary indoor localization experiment in a harsh multipath environment, this assistance information benefits the angular measurements in the following two aspects. Firstly, narrowing the AoA/ZoA search window in the uncertainty range permits the gNB/TRP to filter out false multipath measurements owing to the significant difference of the angle of arrival between the LOS and multipath components. Secondly, gNB/TRP usually performs angular spectrum analysis and peak searching in the potential angular search window to obtain AoA/ZoA estimates. Therefore, a reduction of this search window can substantially reduce the computational budget and latency of the AoA/ZoA estimation procedure.

Observation 3: Narrowing the AoA/ZoA search window in the uncertainty range permits the gNB/TRP to filter out false multipath measurements owing to the significant difference of the angle of arrival between LOS and multipath components.

Observation 4: Reduction of angular search window by utilizing the assistance information of AoA/ZoA uncertainty range can substantially reduce the computational budget and latency of the AoA/ZoA estimation procedure.

To support this enhancement, LMF needs to determine the expected value and the uncertainty of UL AoA/ZoA. According to the discussion, the proposed solutions can be summarized into two categories [2]. The first category of these solutions utilizes beam information to determine both the expected value of UL AoA/ZoA and its uncertainty [3][4][5]. For example, the expected AoA/ZoA can be the boresight of a beam, and the uncertainty can be the beam width. The second category harnesses the statistical property of the AoA estimates over a certain duration of time to determine the expected and uncertainty of AoA/ZoA [6][7]. For example, in [6], time averages of AoA/ZoA estimates and their standard deviations are used to indicate the expected and uncertainty value. In [7], standard deviation of measured AoAs is used to reflect the AoA uncertainty.

However, the first category could not be applied to base stations which have neither transmitting nor receiving beams, such as picocell base stations and femtocell base stations in FR1 band which are usually deployed in indoor environments and equipped with a small-scale antenna arrays. And the expected AoA/ZoA obtained by the second category could be inaccurate when the UE has a large velocity. In the following, we present a solution which is applicable in the scenario of locating a moving UE using base stations with no physical beams.

According to the parameter estimation theory, individual AoA/ZoA estimates are always contaminated by large measurement noise. Therefore, in LMF, various measurements, such as AoAs, ZoAs, TDoAs, from gNB/TRPs are combined not only to locate the UE but also to apply adaptive filtering to the continuous UE location estimates according to the UE moving states. Then a smoothed trajectory of the moving UE could be obtained. Owing to the continuity of the UE movement, it is also trivial to acquire the one-step-ahead prediction for the UE location  Then the corresponding one-step-ahead AoA/ZoA predicted  could be calculated according to the geometric relationship between the prediction of UE location and the precise location of gNB/TRPs. Using one-step-ahead AoA/ZoA prediction as the expected AoA/ZoA is applicable in the scenario of locating non-stationary UEs without using beam information. Furthermore, since the one-step-ahead prediction performed by LMF synthesizes the measurements from multiple gNB/TRPs, it is more robust in a realistic multipath environment than using statistical property of AoA/ZoA estimates from a single gNB/TRP. Finally, although physical beams are absent in base stations with small-scale antenna arrays, the half power widths of the digital beamforming angular spectrum of the receiving signals could be used as AoA/ZoA uncertainties. This value could be estimated according to the array configuration.

Proposal 1: Expected AoA/ZoA can be derived from the one-step-ahead prediction of the UE location, and the uncertainty of AoA/ZoA can be the half power width of the digital beamforming angular spectrum of the gNB/TRP receiving signals.
5. Conclusion
In this contribution, we discuss NR positioning enhancements, and give the following observation and proposals:
Observation 1: The phases of array antenna elements in other directions are different from the phase of the boresight direction in actual situation. The calibration of the boresight phase of array antenna elements can’t replace the phase difference of array antenna elements in other directions. And the phases of array antenna elements are related to the polarizations of incident signal, the phases of array antenna elements become worse when the polarization of array antenna elements and the incident signal are different. All of these factors will reduce the accuracy of AOA angle estimation.
Observation 2: Baseline-error of antenna array influences the localization result of UL-AoA. Reference UE can calibrate the baseline-error effectively, and moving reference UE has better performance than static reference UE.
Observation 3: Narrowing the AoA/ZoA search window in the uncertainty range permits the gNB/TRP to filter out false multipath measurements owing to the significant difference of the angle of arrival between LOS and multipath components.
Observation 4: Reduction of angular search window by utilizing the assistance information of AoA/ZoA uncertainty range can substantially reduce the computational budget and latency of the AoA/ZoA estimation procedure.
[bookmark: _GoBack]Proposal 1: Expected AoA/ZoA can be derived from the one-step-ahead prediction of the UE location, and the uncertainty of AoA/ZoA can be the half power width of the digital beamforming angular spectrum of the gNB/TRP receiving signals.
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Appendix

	Simulation Parameters
	Values

	Baseline error
	3 deg

	Use Case
	38.901 Indoor/UMi

	Carrier frequency 
	2.565 GHz

	Subcarrier spacing
	30KHz

	UL-PRS Transmission Bandwidth
	100MHz

	UL-PRS Resource Allocation
	Comb- 2

	Number of sites
	1

	Number of symbols used per occasion
	1

	Number of occasions used per positioning estimate
	1

	Power-boosting level
	3dB

	Interference modelling (ideal muting, or other)
	Ideal muting

	Description of Measurement Algorithm 
	Super Resolution

	Network synchronization assumptions
	Perfect

	UE/gNB Tx/Rx Timing Errors
	Perfect




image1.png




image2.emf
Array normal

Reference UE

Sensor 1

Sensor 2

Sensor 3

Sensor 4

x

y

NLoS


Microsoft_Visio___1.vsdx
Array normal
Reference UE
Sensor 1
Sensor 2
Sensor 3
Sensor 4
x
y
NLoS



image3.emf
-30 -25 -20 -15 -10 -5 0 5 10

SNR [dB]

0

0.5

1

1.5

2

2.5

3

R

M

S

E

 

[

d

e

g

]

Static calibration

Indoor without NLoS detection

Indoor with NLoS detection

Outdoor with NLoS detection


